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(54) Optical storage medium 



(57) The invention refers to an optical storage me- 
dium from which Information can be read out and/or into 
which information can be recorded with a light beam (6), 
said optical storage medium comprising one or more 
base members (1 ) bearing on the side of the base mem- 
bers (1) on which the light beam (6) is incident, one or 



more information storage layers (3) and at least one 
llght-transmissive cover film (5) characterized in that 
said cover films (5) are bonded to each other, to the sur- 
face (2) of the base members (1 ) on which the light beam 
(6) is incident and/or to one or more information storage 
layers (3) by means of one or more light-transmissive 
pressure-sensitive adhesive layers (4). 
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Description 

Field of the invention 



S^fc !ivRrf™h^h"''r''°". V "^'"'^ P^'''^^'^^- « D*9'«a' Video Recordable 

disc (DVR) from which information can be read out andtor into which infonration can be recorded with a light beam 

thTli^SrJatlTfn' """''""^ "^^^ ''^^""9 - °' mlmb r'o whTh 

he light beam is inc dent, one or more readable and/or recordable information storage layers and one or more liqht- 
transmissive cover films. The present invention furthermore refe,^ to a method of manufacturing an o^t ca°SJraae 
medium and. in particular, to a Digital Video Recordable disc (DVR). ^ 

Background of the invention 

(STor la°Sf ' "^^d'a suitable for recordingand reproducing of videos require a storage capacity of 8 Gigabyte 

[0003] This requirement Is met by some DVD formats (digital video disc, sometimes also digital versatile disci DVDs 
"^or^L nvnTl^^^^ ^'^ reproduction, DVD-RAMS which can a^^ote ustd L da^^^ 

Tnyn h k ^- ^ '^'''^'^ ^^'^ -"^"y")- DVD-Audios and DVD-V^deos. The fo ma s 

for DVDs have been provisionally defined by an industry consortium (ECMA, Executive Committee of the DVD Con- 

an3'l7 GB fo^ma^T ' ' P'^-^^V comprfee 4.7 GB°a5 GB 9.4 GB 

t°r.^«.«°^?^ ^^"t^l!?' '^'"P/'^^ ^i^'^ ^I^^P^d members, the inner surfaces of which being bonded together with 
an adhesive layer whi* must be transparent if the information on one or more of the recording layers is read ttirough 

o^med bv^h ; ^ ' '"'^^ °' ''^ ""^""^''^ --P"-^ inUatton storage byer 

formed by the inner surface of the substrate which exhibits a sequence of pits with a minimum size of. for eLiT 

fcnowpH r? ^.^J '"^'^^^ '^y^^^ ^^P'^"^'^ information storage layer opMy 

n!ersurface onh" ' Jhe inner surface of the second substrate which is a dummy substrate is bondrd^e 
inner surface of the first member, .. e.. for example, to the Al layer or to the protective coat layer The 8 5 GB and In 
^onTc?! ' L°""^" "^'^ complicated constructfons and usually comprise an information 

storage layer on each substrate. Further details on DVDs and on processes of manufacturing DVIDs can be taten for 

o^eb^^ual^To X"-""' -'^^ °' ^ present applied, fiild 

C^SLir^y fH^ '«y«^;«-wrteble DVD format is easy to handle comparable, for example, to a conventional 
rn^f^f ^" insufficient storage capacity for video recording purposes conventional 

[0006] A high storage capacity format which has been recently suggested as DVR (Digital Video Recordable disci 

overcomes thisproblemandprovidesamongotherconstructlonsasingle storage layerfor^at With W^^^^^ 

IS suitable for digital video recording and storage. <" win nign capacity which 

i?^d°^EP^S74.^2'''"''°"^ ^"'^ °' '"^'^ described, for example, in EP 0.729.141. EP 0.867.873 

lM?f«oL^^",'*'^''^■^*"*'^"^ comprise a disc-shaped substrate or base member exhibiting on one or both major 
surfaces an infom«t.on storage layer comprising a structure of lands and grooves. The DVR discs further comprisTI 

r'T?"^!^ ^''"'^ ^PP"^" "^^ information storage layer on one or both sides of the film 
S '? °'867.873 that the light-transmissive film is obtained by spin-coating a liquid ultraviolet- 

seS5 TZT, nxll^T^^T '"^ <="ring. This method is, however, disaSalgeous 

th«?»^' ,^ °^ unevenness of the thickness of the light-transm issiVe cover mm 

enom tt * r'lf '° ^^^^'^^''^ minimize the variation in the ^fh 

ength for the irnpinging light. Sp.n-coating of a liquid UV-curable resin with a low variation of the thickness of he liS^W 
ayer requires, for example, that the resin is dosed into the centre of the disc. If the liquid resin is appLd off-cenSL a 
L Tnt'^hni!" If'""'' °J ^"'""'"9 spin-coated resin layer is obtained. Since typical DVR discfcom^^e 
Even when applying the liquid rasin to the centra of the DVR disc it is difficult to obtain the required layer thte^ess 

adheSe fro ^V'l*"" -hich i puslTthe iqu" 

f^t^ T « '"'^ '° circumferance, linearly increases with the radius. Equilibrium fs obtaSied 

areSl^TK °' 'TT' '^^ "'^^ ^"'^ '^'^i^^^ due to the viscosity of thetau^ 

adhesive on the other side. Due to the radius dependence of the centrifugal force it Is in principle not possible to oWaS 

dilr: ^I^T'" " ^"^Sested to decrease the thickness variaL b^s^X inteas^nTme 

diameterofthediscandobtalningthe required sizebydie<uttingthe DVR disc including thedlLA^^^^^ 

after spin-coating and praferably UV curing. DieK:utting of the disc shaped member Ifter curing is d'sa*,anteXs 
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because this establishes an additional process step and may result in the formation of debris and/or introduce stress 
• into the base member which translates into optical distortions of the light-transmissive layers. UV curing may also result 

in shrinkage and/or distortion of the UV-curable layer and in unfavourable heat generation upon curing. 
f [001 0] It is furthermore suggested in EP 0.867,873 to use a polymer film such as, for example, a polycarbonate sheet 

s p. as light-transmissive cover film or film and adhere such film to the information storage layer by means of a thin, spin- 
coated layer of a UV curable liquid resin. This method has, however, several disadvantages. Spin-coating of a liquid 
resin layer with a thickness of as low as, for example, 5 ^m, requires a considerable amount of time which renders the 
process unfavourable from an economic point of view. Also the formation of bubbles was observed in the liquid resin 
layer which renders the resulting DVR discs optically unacceptable. 

10 [0011] It is another important requirement of DVR discs that the light-transmissive cover films are optically highly 
Isotropic so that the change or variation in the refractive index of the light-transmissive layer or layers as seen by the 
impinging light, is as low as possible. The surfaces of the light-transmissive layers where the light is incident upon, 
furthermore have to be as smooth as possible in order to avoid scattering losses. Prior art fails to provide criteria how 
to select a polymeric film as a light-transmissive cover film so that such cover layer provides the required low or very 

IS low variatksn in its optical properties. 

[0012] It was therefore an object of the present invention to provide novel optical storage media from which infor- 
mation can be read out and/or into which information can be recorded with a light beam, said optical storage media 
comprising at least one base member bearing on the side of the base on which the light is incident, at least one 
information storage layer, at least one light-transmissive cover film and, optionally, further light-transmissive layers 

20 whereby said optical storage media do not exhibit the shortcomings of prior art optical recording media of such type 
and which such components or exhibit them to a lower degree only, respectively, f^ore specifically, It was an object of 
the present invention to provide optical storage media with the above components wherein the thickness variation 
introduced by the light-transmissive layers into the optical recording medium is low and preferably less than ± 5 ^m 
as measured across an arbitrarily selected cross section of the optical storage medium over its entire extension. It was 

2S another object of the present invention to provide optical storage media the light-transmissive cover films of which ' 
exhibit a low variation of their optical properties and. in particular, of the refractive index. It was another object of the;, 
present invention to provide a method of preparing such novel optical storage media and, in particular, DVR disc type* ^ 
optical storage media. * 

30 Brief description of the invention 

[0013] It was found that these objects can be met by providing an optical storage medium from which information 
can be read out and/or on which information can be recorded with a light beam (6), said optical storage medium 

comprising at least one base member (1) bearing on the side of the base member (1 ) on which the light beam (6) is' t 
3S inckient, one or more infornnation storage layers (3) and one or more light-transmissive cover films (5) characterized ' * 
in that said light-transmissive cover films (5) are bonded to each other, to the surface (2) of the base member (1 ) on"" }> 
which the light beam (6) is incident and/or to one or more information storage layers (3) by means of one or more light-/ 
transmissive pressure-sensitive adhesive layers (4). 

[0014] The present Invention furthermore refers to a method of preparing an optical recording medium according to 
40 the invention comprising 

(1 ) providing at least one base member (1 ) having a surface (2) on which the light beam (6) is incident, said surface 
optionally comprising a structure of pits bearing an informatbn storage layer (3), 

(2) laminating the laminate of at least one light-transmissive cover film (5) the inner surface of whk:h optionally 
4S comprising a structure of pits bearing an information storage layer (3) and a releasable protective film (7), with a 

laminate comprising at least one pressure-sensitive adhesive layer (4) and a release liner (8) in the order given, 
between two rollers, 

(3) removing said release liner (6) to provide a bondable laminate (1 2), and 

(4) laminating the laminate (12) to the surface (2) of the informatk>n storage layer (3) on the surface (2) of the base 

so member (1). 

Brief description of the figures 

[0016] Fig. la schematrcally shows a specific embodiment of the optical recording media according to the present 
ss invention comprising a base member 1, the surface 2 of which where the light beam 6 is incident upon, comprises a 
structure of lands and grooves which forms part of an information storage layer 3, said optical storage medium further 
comprising a light-transmissive cover film 5 bonded to the information storage layer 3 by means of a pressure-sensitive 
adhesive layer 4. 



3 



BP 1 047 055 A1 



PIM. 69 c«np™.n9 vacuum pM, hold., 53 bramg . dle-oul lamina., of r'.l.^m^^t^T L^TJ^ 



Detailed description of the invention 



^^InTl^^Ti^'^S::-."' r :r "^"^ "'"'^ ^^^^ P--"* describee. 
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example, in EP 0.874.362 or EP 0,867,873 which are Incorporated herein by reference. The tracl< pitch which is the 
C' distance between the centreline of adjacent physical tracks as measured In radial direction, typically Is 0.64 ^m or less. 

[0027] The structure of pits can be moulded Into one or both, respectively, surfaces of the base member or members, 
jv This process which is described in detail In EP 0.729.141 . p. 4, Ins. 14-46. usually comprises a master disc-forming 
5 step (as schematically shown in Fig. 4A - 4G of EP '141) and an injection moulding step (as schematically shown in 
Fig. 5A - 58 of EP 'Ml); EP '141 Is Incorporated herein by reference. It is also possible, however, that a structure of 
pits is obtained in the light-transmissive cover film by passing the light-transmlssive cover film which Is heated to a 
temperature above its glass transition temperature between two rollers at least one of them exhibiting a patterned 
structure. This technique is shown schematically in Fig. 10 of EP 0,867,873 where the light-transmissive cover film is 
10 passed between a roll and a stamper. The light-transmissive cover film thus obtained can be bonded to the base 
member or to one or more other light-transmissive cover films optionally bearing a structure of pits, by means of a 
pressure-sensitive adhesive layer so that optical storage media having a multiplicity of information storage layers can 
be obtained. 

[0028] The construction of the Information storage layer 3 depends on whether It is to allow for read out and/or 
IS recording. 

[0029] If the optical storing layer Is of ROM type, the information storage layer 3 may comprise the structure of pits 
bearing a reflective film of Al. Au or the like with a thbkness of typically between 20 - 60 nm which can be obtained, 
for example, by sputtering. 

[0030] Recordable optical storage media may be of phase-change type or magneto-optical type. According to EP 
20 0,867,873 phase-change type Information storage layers may be obtained by successively forming on the structure of 
pits a reflective film such as an Al film, a GeSbTe film and an ZnS-Si02 film. More complex phase-change type infor- 
mation storage layers are described, for example. In EP 0,874.362. Magneto-optical type information storage layers 3 
comprise, for example, the structure of pits bearing a reflective film such as an Al film, a SIN film, a TbFeCo film and 
a SIN film in this order. 

2S [0031] Information storage layers of write-once type can be obtained, for example, by applying a thin reflective film 
of Al, Au or other metals to the structure of pits which is then coated with a cyanin or phthakx:yanlne system organic 
pigment film. 

[0032] The information storage layers described above are given by way of example only The optical storage media 
according to the present Invention can comprise other and/or modified constructions of Information storage layers. 

30 [0033] It was found by the present inventors that optical storage media with a low thickness variation, advantageous 
optical properties and low jitter values can be obtained by bonding such media with one or more light-transmissive 
pressure-sensitive adhesive layers. The present invention thus refers to optical storage media which are bonded by 
one or more pressure-sensitive adhesive layers while avoiding the disadvantageous UV-curable resin layers of prior art. 
[0034] In the specific embodiment of the optical storage medium schematically shown in Fig.1 a the pressure-sensitive ' 

3B adhesive layer 4 bonds the light-transmissive cover film 5 to the Information storage layer 3. In more complicated > 
constructions comprising a multiplicity of information storage layers as was described above, pressure-sensitive ad- 
hesive layers 4 can also be used to bond two or more light-transmissive cover films 5 optionally comprising an Infor-' 
mation storage layer 3, to each other. ^ 
[0035] Another optical storage media of the present invention comprises two or more Information storage layers. In 

40 the specific embodiment of the optical storage medium schematically shown in Fig. 1 b the pressure-sensitive adhesive 
layer 4 bonds a base member 1 bearing a first information storage layer 3a to a second information storage layer 3b 
on a light-transmissive cover film 5 onto which the light beam 6 Is incident upon. 

[0036] The pressure-sensitive adhesive is required to be transparent at the wavelength of the incident light beam 6 
with which the information is read out from and/or recorded into the optical storage medium. Suitable light sources to 
4S generate light beam 6 comprise lasers having, for example, emission lines in the wavelength range of between 400 • 
7(X) nm and preferably of between 600 • 660 nm. The transparency of the pressure-sensitive adhesive at the wavelength 
of the incident light whbh can be measured, for example, according to ASTM D 1746, preferably is at least 80 % and 
more preferably at least 85 %. 

[0037] The adhesive layer may comprise a transparent backing and/or carrier layer such as, for example, optionally 
50 surface-treated, amorphous polymer layers such as polyethylene terephthalate (PET), polycarbonate or polymethyl- 
methacrylate (PMMA) layers carrying on each side an adhesive layer, but preferably It is a transfer film comprising no 
backing and/or carrier layer. In case of a transfer film, the adhesive layer preferably has an average thickness of 
between 10 - 100 pjD. more preferably, of between 15-80 |im. and especially preferably of between 15-50 |xm, 
whereas double-sided adhesive tapes comprising a backing and/or carrier layer, may have a thickness of between 50 
^ \xrc\ and 1 50 |jm, and more preferably of between 50 and 1 00 )jm. 

[0038] The optical transparency requirements are generally fulfilled by acrylate-based pressure-sensitive adheslves. 
but silicone-based pressure-sensitive adhesives. rubber resin-based pressure-sensitive adhesives, block copolymer- 
based adhesives. especially those comprising hydrogenated elastomers, or vinylether polymer-based pressure-sen- 
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carbon atoms in the alkyi groups of the alkyi acrylates as c^reSove prl^S vTb^^^^rT Tp'LT 
ularly between 5-10. Blends of differer,t alkyI acrylates n«y afso be useS ' ^ ' 

[0046] It was found by the present inventors that the thickness of the pressure^ensitive adhesive layer has to be 
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carefully controlled In order to allow for the preparation of very uniform optical recording media. It was found that the 
V variation of the thickness of the optical recording medium introduced by the pressure-sensitive adhesive layer, prefer- 
ably is not more than about ± 3 ^m and more preferably not more than about ± 2 as measured across an arbitrarily 
^ selected cross-section of the optical recording medium over its entire extension using the method of measurement 

5 ' described in the test section below. 
^ [0047] A preferred method of preparing very flat, uniform precision caliper pressure-sensitive adhesive layers which 
fulfill these requirements, are described, for example, in WO 95/29.766 incorporated herein by reference. The method 
comprises coating of an essentially solvent-free, polymerizable, syrupy precursor of the pressure-sensitive adhesive 
through a die onto the surface of a substrate as the substrate moves relative to the die. The die includes a channel 

to adapted to receive the precursor of the pressure-sensitive adhesive and an adjustable width slot in communication 
with said channel through which the precursor is passed. The slot is formed between a substantially straight, sharp 
edge located on the downstream side of the substrate and a land located on the upstream side of the substrate. The 
die coating method and the precision coating die are described in more detail in WO 95/29.764 and WO 95/29,765 
(incorporated herein by reference). This method can be used, for example, to coat essentially sotvent-free, prepotym- 

t5 erized, syrupy precursors of aery I ate -based pressure-sensitive adhesives onto a moving belt or a release liner with 
subsequent curing of the pressure-sensitive adhesive layer. The pressure-sensitive adhesive layer may be directly 
transferred after curing from the moving belt onto the inner surface of the first member of the optical recording medium, 
or it may be temporarily stored between release liners prior to application to the inner surface of the first member. When 
using a moving belt or a release liner with an essentially flat and smooth surface with a surface roughness R2 as defined 

20 below of less than 2 pm, very homogenous pressure-sensitive adhesive layers with a thickness tolerance of ± 3 ^m 
or less, preferably of about ± 2 fim or less can be obtained. These adhesive layers can be used for the preparation of 
very uniform optical recording media, and the thickness tolerance Introduced by the pressure-sensitive adhesive layer 
into the optical recording medium is typically ± 3 \xrx\ or less. 

[0048] The refractive index of the pressure-sensitive adhesive layer preferably is adapted to the refractive index of 
2S the light-transmissive cover film. The difference in the refractive indices of the light-transmissive cover film and the 
pressure-sensitive adhesive layer preferably is not more than 0.05 and more preferably less than 0.02. The refractive 
index of pressure-sensitive adhesives which can be measured, for example, according to ASTM O 542, preferably is 
at least 1.45 and more preferably at least 1.49. It was found by the present inventors that aery late-based pressure- 
sensitive adhesive layers with a refractive index of at least about 1 .50 which are useful in the present invention, can 
30 be obtained by including a sufficient amount of, for example, phenoxy ethyl acrylate into the polymerizable precursor. • 
[0049] The optical storage media of the present invention comprise one or more light-transmissive cover films which 
each optionally exhibit on one or both of their major surfaces a structure of pits. The thickness of the light-transmissive 
cover film preferably is between 10 and 150 ^im, more preferably between 20 and 130 pim and especially preferably 
between 20 and 100 ^tm. In more complicated constructions of the optical storage medium of the present invention 
^ comprising two or more light-transmissive cover films, the thickness of each cover layer preferably is between 10 and 
70 ^m and more preferably between 20 and 60 pm. 

[0050] The maximum thickness of the sum of the thicknesses of the light-transmissive cover film or films and the 
pressure-sensitive adhesive layer or layers of the optical storage media of the present invention can be estimated 
according to EP 0,867,873 and JP 3-225.650 by using a relationship established in JP 3-225,650 for CDs, between 

40 such maximum thickness, the numerical aperture of the optical head device of the optical disc recording and/or repro- 
ducing apparatus, the wave length of the light source utilized and the skew margin. When using a laser light source 
with a wavelength of approximately 0.65 |im, EP 0,867,873 suggests for the sum of the thicknesses of the light-trans- 
missive cover film or films and the pressure-sensitive adhesive layer or layers a value of 288 pm or less whereas for 
a blue light layer with a wavelength of 0.4 pm a value of 177 pm or less is disclosed. 

45 [0051] It was found by the present inventors that in the construction schematically shown in Fig. 1 the thickness o f 
the pressure-sensitive adhesive layer preferably is between 15 and 100 pm and more preferably between 20 and 50 
|im and the thickness oi ine iight-transmissive cover turn preterabiy is oeiween 50 and 200 pm, more preferably between 
50 and 100 pm and especially preferably between 50 and 65 pm. It was furthermore found by the present inventors 
that in more complicated constructions comprising two or more light-transmissive cover films and the corresponding 

50 number of pressure-sensitive adhesive layers, the sum of the thickness of such light-transmissive cover films and 
pressure-sensitive adhesive layers preferably is less than 300 pm and more preferably less than 250 pm. 
[0052] It was found by the present inventors that the light-transmissive cover film or films preferably are highly optically 
isotropic in order to minimize any distortion of the light beam passing such layer or layers. 

[0053] The birefringence of the light-transmissive cover film or films preferably each is less than ± 30 nm/d where d 
55 is the thickness of the respective light-transmissive cover film, more preferably less than ± 25 nm/d and especially 
preferably less than ± 1 5 nm/d. 

[0054] It was found by the present Inventors that light-transmissive cover films with the required low value of bire- 
fringence can preferably be obtained by casting 
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pn'lln^K """"'^ """^'^'^ P^'y"^^^^ subsequent drying, and/or 

00 an unpoly^enzed or partial^ prepCymerlzed precursor of theTes'pectlve po^mer w.h subsequent po.ymeri- 

S J;^^^^^^^^^ --ion o, the respective pCy.er tends to .esu.t in t.e 

and/or birefringence of the ex^rud':^^^^^^^^^ ''"T^^ ^^^-^^-^ties 

transmissive cover films P^iymer layer Therefore, extruded polymer layers are less preferred as light- 

Preferred polymers include for ^ampiro^Lrb^^^^^^^^ ,f , ! ^'"^ '^"^ evaporlzatlon of the solvent. 

Up'^yprStrScMypS^^^^^ 

excess monomer or oligomer Thrso utbn ^TZtl^ ^ ^ polymerized, curable precursor of the polymer in 
provide the llght-transmlslve cover f^m This technSie Zo^TTu ^''T Polymerization to 

Preferred monomers include for example (SlvSTZ^.^^r/ 1 !^ °' homopolymers or copolymers, 

er amounts of (methyl) (C^ - CM^^T^^^tZT. '"^^'^^^f ^^V'^^^'^'^. °^ (methyl)propylacrylate, low- 
chosen as to provide an L^^^^^^^^'^^^T "'^^'/^ ""^^'^^ °' Prepolymerization is preferably 
[0068] The ihlckness of the caSver ?s orP^?Ih, ^ , "'^ ^''^'^P'^' ° ^ 200 Pa-s. 

unlfon^ light-transrr^^hS ^ver SrS^ | ^^^un^lZT^ controlled in order to allow for the-preparation of very 
mm prete^bh, is no. rrK,re than ±T^^ aoTmo^^^^^^^^^^ °' light-transmissive coveT 

selected cross-section of the ooticai rp^nrriin^ preierably not more than ± 2 Hm as measured across an arbitrarily 
described in the tell seSion bK ' °' measurement 



SJalJ^be'r^n^d^y^ngreTeTo^^^ 
95/29,766 cited above ThPs method ^^te^^^^^^ '^'^ ^5/29,764 and WO 
.he povmer o, the iight-transmSsive c^er^^^; ^^^^^^^^ prepo.ymerized, syrupy precursors of 
or a release liner with subseouent c„rin« ^ 1 P°'y"^er, respectively onto a moving belt or drum 
missive cover fi J2 oSnTr^ay ^"^'"^ °' ^^P^'-^ ^he light-.rans- 
onto the exposed pressure-sersitTe adheSt^ WhTn^^^^^^^^^ °' k^'""' ^^^P^^^'^^^'V' '^^^^ the moving belt 
flat and smoom surface w«h a sJrfLe lougTnes^^^^ ^,,7:;"? ^ ^ with an essentially 
transmissive cover films with a thickness tolerancL7«ho,^l q ^ ^" ^ "^"^ homogenous light- 
obtained, suitable belts or d i:::. " I !' r™"?"'!! °' -ess. preferably of about ±2 Mm or less can be 

ished stainless steelsurfaces.lnaprXrSh^on^^^^^ 
by casting a solution Of a suitabl pSraX^oIlvm^^^^ 

a tow surface energy of preferably less tha^atourSv^r^ "^""^ belt or a release liner having 

herein by reference that casting of poCer s^utionf o^'Turr J " '''T^^ "^'"^ incorpomted 

polymer films. Suitable low sZce en^Jma^^^^^^^^ 
fluoride). polyarifluorochloroethZerSylenLn^^^^^ 

poly(vinylidene fluoride) being especial^ p«fS ^^^^'^^ polyethylene. poly(tetrafluoroethylene) and 

'^JZrZllVZ:::^:^:^:^^^^ ^-^^ ^ Pressure-sensltive 

provided first, and a light-transmtfve cXLT^pX^^^^ lurh'reTelel- ' T^'l ^ 
casting, respectively, with subsequent drying rcurina ellZl T ^^l^^^'-^a^'ing or polymerization 

cursor of a pressure-sensitive adhrs veTc^ted on the exno^^^^^^ 7^' ''fT''^^ "^^"^ ''"^^'"^ P'^" 

subsequent curing, as is described a^ve resumnn!nnn ^''^ °' liQht-transmlssive cover film with 

the infom,ation storage layer on thl prSnTlur' T T "^""P'"- "'"^'^ '^'^'"^ted onto 

removal of the release liner to proieThe opt^al sto^aoe medium T""*^' ' '""^ ^"bsequent 

may be laminated to the exposed surface of mJ pressure ser^^Z^L "? ^ release liner 

release liner from the 'ight-transmissrcover fL and'^^^^^^ '7"^ ?"°*t? ''^^ ' °' '^e 

light-transmissive cover film optionally, the lamination of a releasable protective layer to the 

KLirj:^t;r '^^sr r =t;2rrsT;r '° « °™ ^ 

moumir«| « the opilcal reeortlrfl ™oi, IWMmnsn.«s,»= cover lllm Ourhg haMii„g 
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mers such as ethylene/propylene copolymers and mixtures of homopolymers or copolymers such as mixtures of pol- 
o yethylene and polypropylene, poiyethylenterephthalate films or polyurethane films like, for example, extendable elas- 
tomeric polyurethanes of the polyetherurethane or polyesterurethane type. It Is also possible to use laminates of at 
least two polymer films the lower exposed film of which being bonded to the light-transmissive cover film 5, exhibiting 

s ' self-adhering properties. Suitable examples of polymers with self -adhering properties included EVA films (polyethyle- 
* nevlnylacetate) having a high vinyl acetate content of, for example about 5 - 20 wt. % with respect to the mass of the 
EVA polymer. Such laminates can be used as releasable protective films without a pressure-sensitive adhesive layer. 
[0063] The pressure-sensitive adhesive if present is preferably selected so that it can be easily removed from the 
light-transmissive cover film without leaving behind any residual adhesive. It was found by the present inventors that 

10 the pressure-sensitive adhesive is preferably selected so that the 90*" peel adhesion from a polycarbonate substrate 
as measured according to PSTC method PSTC-3 is not more than 1 N/2.54 cm, preferably not more than 75 cN/2.54 
cm and especially preferably less than 50 cN/2.54 cm. Suitable acrylate based removable adhesives which exhibit a 
low peel adhesion strength and a high cohesive strength which are useful for the preparation of releasable protective 
films are described, for example, in US 4,166,152 incorporated herein by reference. Releasable protective films which 

IS are useful in the present invention are available as protective tape products from 3M; suitable example is 3M Protective 
Tape #2104, 

[0064] In a preferred method of preparing an optical recording medium according to Fig. la, a first laminate com- 
prising a releasable protective film 7 and a light-transmissive cover film 5 is laminated to a second laminate comprising 
a pressure-sensitive adhesive layer 4 and a smooth release liner 8, between two rolls 50,51 as is schematically shown 
20 in Fig. 2. The rolls exhibit a very smooth surface and are arranged to albw for an essentially stress-free and bubble- 
free lamination of the films. 

[0065] The resulting laminate is fed into a bonding station schematically shown in Fig. 3 which is operated in a quasi- 
continuous mode. The release liner 8 is separated from the resulting laminate, for example, by means of a dispensing 
edge or roll 52 and then attached to a vacuum plate holder 53 by air suction. Using appropriate die-cut equipment (not 

25 shown) the die-cut laminate schematically shown in Fig. 4 exhibiting the center hole 10 and the outer circumference 
11 corresponding to the dimensions of the disc-shaped base member 1, is obtained. The vacuum plate holder 53'with 
the attached die-cut laminate is then transferred to a vacuum bonding apparatus 60 schematically shown in Fig. 5. 
The vacuum bonding apparatus comprises an upper vacuum chamber 56 and a bottom pressure chamber 58 which 
are separated by the movable bottom plate 59 and the flexible seal 61 . The upper chamber 56 can be evacuated by 

30 means of pump 55, and the bottom chamber 58 can be evacuated or pressurized, respectively, by means of pump 57. 
The vacuum plate holder 53 is attached to the bottom plate 59 of the vacuum bonding apparatus 60 with the exposed 
adhesive layer 4 of the attached die-cut laminate facing up. The base member 1 bearing the information storage layer 
3 is attached to the top plate 54 of the vacuum bonding apparatus 60 with the information storage layer 3 facing down. 
The bottom chamber 58 is evacuated in order to keep the bottom plate 59 in a lower position during the following 

35 evacuation of the main chamber 56. The main chamber 56 of the vacuum bonding apparatus 60 is then evacuated via 
pump 55.The pressure in the bottom chamber 58 is then increased to a certain level via pump 57 thereby pushing the 
die-cut laminate against the base member 1 . Then the bottom plate 59 is driven to the bwer position by evacuating 
the bottom pressure chamber 58. After pressurizing the main chamber 56 of the vacuum bonding apparatus 60 to 
atmospheric pressure, the optical storage medium according to Fig. 1a of the present invention can be removed from 

40 the vacuum bonding apparatus 60. The releasable protective film 7 is removed to give a specific embodiment of an 
optical storage medium according to the present invention according to Fig. 1a. 

[0066] In an alternative method of preparing an optical recording medium according to Fig. la, the pressure-sensitive 
adhesive layer 4 is laminated to the information storage layer 3 formed on the pits exhibiting surface 2 of the base 
member 1 . The pressure-sensitive adhesive layer can be supplied, for example, as die-cut having the shape of the 

45 base member. The pressure-sensitive adhesive layer is preferably attached near one edge of the base member and 
then progressively laminated across the surface of the base member, applying a lamination angle of, for example. 45® 
or less in order to avoid entrapment of air bubbles. The release liner is removed from the pressure-sensitive adhesive 
layer and the base member bearing the pressure-sensitive adhesive layer can be attached to bottom plate 59 of the 
vacuum bonding apparatus 60 of Fig. 5. A laminate comprising a releasable protective film and a light-transmissive 

so cover film is applied to the top plate. The optical recording medium is then prepared by pressurizing the bottom chamber 
58 thereby pushing the bottom plate 59 to the top plate 54 as was described above. 

[0067] In another method of preparing an optical recording medium according to Fig. la, a laminate comprising a 
releasable protective film 2, a light-transmissive cover film 5 and an exposed pressure-sensitive adhesive layer 4 is 
bonded to the exposed surface of the information storage layer 3 of the disc-shaped base member 1 by means of a 
ss wheel-bonding devtee disclosed in co-pending US patent application S. N. 09/065,295 of the present applicant (incor- 
porated herein by reference). The wheel-bonding process which is described In some detail below in Example 3, en- 
sures a bonding almost free of air inclusions as well as a good flatness of the laminated optical storage media. 
[0068] The method as described above is only exemplary and restricts by no means the scope of the present inven- 
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tion. 

Test methods 

Surface roughness 



Which calculated the surface rough^s as peTkTo v^^^^^ ""^''^ incorporates software 

' surface «,ughne8s R, recorded in a^ZZx^Til^ts7J^T. 1 '""^'^ *° '^^ ^^'^9^ 

individual measurement areas deteol^irdtocoS to d J^ 47^^^^ peak-,o-va..ey height value of several 

ri^elefs^TZTo^"^^^^^^^^^^ 

different with respect to roughness an^or r^ise^no Each^L^^^^^^^ ''^ '^'^'^ ^''^^^ '^^^ ^^-^e 

major surface which were obtained unprotected frrre'mSSJrer "^^^^ ^ ^"^ ^ 

LllaLe as'ilzeTMo^^^^ rCD"ototr,^eTHr r ' ''^'^ using a sputter coate, 

was conducted with the targetSd sur^^^Se to^ a^^^^^^^ Wiesbaden, German, The first sputtering 

The second sputtering was co^duj^^h^f ^Jwll, f*^^ ^ ''"^ " °' ^0 mllliamps (mA) 

current of 60 mA. vvrth the gold target at an angle of 30 degrees out of parallel for 60 sec with a 

^'^-^''--P--''onofsurfacesbyscanningelectronn.icroscopyan,l^m 

.ransmisslvecovarfilms. A,lghtmicroscj;e«et^^^^^^^ P^'^'- 

™v.Ughtmicroscopvpho.om;^rwr:^^^^^^ 

Flatness measurement 

Cteirri^^gTe^^^^^^^ 

measured using at least <ine Of the foiling ^vfces. "ght-transm.ssive cover film, respectively, was 

(i) the DVD tester Biref 126 S DVD commercially available from Dr. Schenk GmbH. Martlnsried. Germany 

(ii) theDVD.esterETA-DVD80commerc^llyavailab.efromSTEAGHamaTechAG,Stemenfeld,Germanyand , 
(lli) me capac..,e .hIcKness gauge Profiler 140 E comme.ially available from Modem Control. Minneapolis. MN. . 

With smooth surfaces having a diamefe^^Tfcm fthbris n, o « d.sc-shaped polycart,onate substrates . 

The inner surface of one of the substrates Jad ^ alur^i^^m c^, """h^"'' ^ ^^"'^^ "'"'^ ^ ^5 mm. 

other substrate had a semi-transparenfco^t^g^f sS carS rlic'J ^rr^"'' ^ ^""^^^ °' 
126 S DVD tester (i) or the ETA-DVD tester fiil »"<"<"®ss was measured with the Biref 

in radial direction o! , mm and Pn ^ngel LX^^^ 

The ETA-DVD testorhad amaximumLTu i^nt rdi^ Jr^ioTL^?^^^^^^ ''^^ ^^9« °' 1 

thickness resolution is 0.1 jxm within the rangTo725 ^S^m 

^;Thi;hip^^^^ 

l^l^J'^rin^rair^^^ 

Shaped base member beartniSalltl ^ :rC;Zfnrd'r a'"^-''^'' '^^'^^ ^ 
anda,,h.-transm.s.ecover«.m5in.he vacuum bonJln^^irr^^^^^^ 
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member, a reflective aluminum layer, a pressure-sensitive adhesive layer, a light-transmissive cover film and a releas- 
- able protective film was mounted on the ETA-DVD tester after removal of the releasable protective film. The ETA-DVD 
tester consists of a turntable onto which the disc is mounted, a laser/sensor system and the measuring computer unit. 

5 Optical retardation 

[0077] The optical retardation of the light-transmissive cover film and the pressure-sensitive adhesive layer was 
measured in the assembled optical storage medium using the Biref 1 26 S DVD tester. 

10 180P peel adhesion of releasable protective films from light-transmissive cover films 

[0078] A sample of the respective releasable protective film was laminated to the Pokalon OG 46 GL polycarbonate 
light-transmissive cover film with a thickness of 75 \im with a rubber roller of 1 kg by applying hand pressure. The 
laminates were stored for 2 hours and then oven aged for 1 hour at 60°C. 1 inch (2.54 cm) wide test specimens were 

IS cut and the exposed polycartx>nate surface of the laminate was bonded onto an aluminum substrate with a double- 
coated pressure-sensitive adhesive tape commercially available as Tape # 444 from Minnesota Mining and Manufac- 
turing Company ("3M"), St. Paul, MN, USA. One end of the exposed surface of the respective releasable protective 
film which is facing up was lifted off and wrapped with a piece of a masking pressure-sensitive adhesive tape which is 
available from 3M Company. The set-up was stored for 24 hours. Then the aluminum plate was fixed in the lower clamp 

20 and the masking tape was fixed in the upper clamp of a standard tensile test equipment. A 100 N force gauge was 
used. The peel test speed was 150 mm/min. 

Examples 

25 Example 1 

i 

[0079] A solvent cast polycarbonate film with a thickness of 75 \Lm was provided as a polycarbonate light-transmissive 
cover film available under the trade designation "Pokalon OG46 GL" from Lonza, Weit/Rhein, Switzerland. The flatness 
of the film was qualitatively assessed by means of light microscopy, using a magnification of 600x Photomicrographs 
30 which were taken from the two major surfaces of the Pokalon OG46 GL film, show very smooth surfaces which are 
basically free of flaws. The surface roughness was approximately < 0.1 |im. The thickness variation as measured 
with the 140 E Profiler was 0.32 ^im over an arbitrarily selected distance of 25 mm in cross direction and 0.05 |im over 
an arbitrarily selected distance of 25 mm in machine direction. 

[0080] A suitable piece of the light-transmissive protective film (approximately 60 cm x 30 cm) was placed on a 
3S smooth PVC surface. A pressure-sensitive adhesive layer (no carrier layer but pure adhesive layer) was then provided 
as optically clear laminating pressure-sensitive adhesive transfer film # 8142 which is available from 3M Company. 
The pressure-sensitive adhesive layer was protected by two essentially smooth polyester release liners (surface rough- 
ness R2 of the release liner less than 2 )am). The thickness of the # 81 42 pressure-sensitive adhesive layer was 50 \im 
with a thickness variation of ± 2 pim as measured with the Biref 126 S DVD tester. The # 8142 pressure-sensitive 
40 adhesive layer further had a refractive index of 1 .475, a surface roughness of approximately 0.5|am on each surface 
and a cleanliness of such as to meet class 1000 clean-room requirements. 

[0081] A suitable piece of the # 8142 pressure-sensitive adhesive layer which was greater than the size of the light- 
transmissive cover film was then provided with two adhesive tape tabs adhered to the release liner and extending past 
the perimeter of the linered pressure-sensitive adhesive sheet to aid in removal of the release liners without contam- 

45 inating the pressure-sensitive adhesive layer After removal of the low release liner, the #8142 pressure-sensitive 
adhesive layer was laminated with its exposed surface onto the Pokalon OG46 GL polycarbonate film. The adhesive 
face was placed near one edge of the polycarbonate film and pressed onto the exposed surface of the polycarbonate 
film from one edge to the other using a rubber lamination roller with a mass of 1 kg with hand pressure, in such a 
manner that the exposed adhesive surface on the release liner was fed under the lamination roller while being bent 

so backwards over the roller so that the release liner made an angle of approximately 45"* or less with Itself. The exposed 
surface of the flexible pressure-sensitive adhesive layer on the release liner was thus applied to the exposed surface 
of the polycarbonate film in such a manner as to prevent the entrapment of air bubbles at the interface between these 
surfaces. The resulting laminate was then flipped so that the exposed release liner surface was placed on the stainless 
steel substrate and a surface of the polycarbonate film was exposed. 

ss [0082] Then an adhesive tape having serial number 21 04 C, comprising a backing and bearing a low-release pres- 
sure-sensitive adhesive layer, available from 3M Company, was provided as releasable protective film. A suitable piece 
of the releasable protective film which was greater than the size of the polycarbonate film was laminated with its pres- 
sure-sensitive adhesive layer onto the exposed polycarbonate film using a rubber lamination roller with a mass of 1 
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kg with hand pressure. 

^^^^^ 

Comparative example 1 
Example 2 

roOQii Th- miCKnoss of 25 jim ± 1 ,5 tim as measured with the Biref 126 S DVD tester 

[0091] The example was repeated three times and the results of the measurements are summarizeiTo 4le 1. 



Run 


Minimunn thickness [^m] 


Maximum thickness 


Average thickness [^.m] 


Standard deviation of 
thickness [^im] 


1 


101.6 


103.2 






2 


101.3 


102.4 






3 


102.2 


103.4 


102.8 


0.3 



Example 3 



[0092] Example 2 was repeated with the difference that bonding of the laminate 



comprising the releasable protective 
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film, the light-transmissive cover film and the exposed pressure-sensitive adhesive layer to the exposed surface of the 
V information storage layer of the disc-shaped base member was performed by means of a wheel-bonding device which 
is disclosed in co-pending US patent application S. N. 09/065.295 of the present applicant. The disc-shaped base 
» ** member bearing the information storage layer as well as the laminate comprising the releasable protective film, the 
s \ light-transmissive cover film and the exposed pressure-sensitive adhesive layer are mounted on two slightly curved 
surfaces. 

[0093] The curvature of these surfaces corresponds to the outer curvature of rolls with a diameter of at least 1 .2 m. 
The information storage layer of the disc-shaped base member and the pressure-sensitive adhesive layer of the lam- 
inate are now put in contact by counter-rotation of the curved surfaces and by means of a certain pressure. The process 
10 Is done in a way which ensures that the still unbonded area of the disc-shaped base member bearing the information 
storage layer as well as the unbonded area of the laminate comprising the releasable protective film, the light-trans- 
missive cover film and the exposed pressure-sensitive adhesive layer, respectively, maintain contact to the curved 
surfaces, whereas the already bonded area releases from the respective curved surface. 

[0094] The radial and tangential, respectively, tilt of a vertically incident laser beam was measured with the Biref 1 26 
IS s DVD tester for the disc-shaped base member comprising the information storage layer prior to laminating the above 
laminate of pressure-sensitive adhesive layer/Pokalon OG46GL polycarbonate filnn/# 8141 pressure-sensitive adhe- 
sive layer and for the resulting optical recording medium disc after such lamination with the wheel-bonding device. The 
example was repeated fourteen times and the results are summarized in table 2. 

[0095] It is evident from table 2 that the average value of the span of the radial tilt amounts to 0.50 ± 0.10** prior to 
20 lamination and that this value is only slightly increased to 0.58 ± 0,15* after lamination. Likewise, the average value 
of the span of the tangential tilt is 0.35 ± 0.06** prior to lamination, and the corresponding value after lamination is 0.43 
± 0.09**. This shows that the method of wheel-bonding disclosed in US patent application 09/065,295 results in a small 
and acceptable deterioration of the flatness of the optical recording medium only. 

25 
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tilt 


CM 
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0.27 
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0.23 
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0.24 


0.22 


0.04 


DVR disc (after lamir 
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tangential 
tilt 

n 


- 0.22 


-0.14 


-0.08 


- 0.26 


-0.16 1 


-0.17 i 


- 0.22 I 


-0.17 


-0.14 


- 0.28 


-0.21 


. 0,24 


-0.29 


- 0.29 


- 0.21 
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Example 4 

[0096] The following releasabte protective films were provided: 

5 ^ a) A two-layer releasable protective film comprising a first layer of a polymer mixture of 50 wt. % of polypropylene 
^ PPC 8750 (commercially available from Flna Deutschland GmbH. Bleichstr 2 - 4, D-60313 Frankfurt, Germany), 
and 50 wt. % of low density polyethylene LD 0304 (commercially available from ELF Atochem Deutschland GmbH, 
Tersteegenstr. 28, 0-40401 Duessetdorf , Germany) with a thickness of 50 \im and a second layer of EVA copolymer 
Evatane 2803 (commercially available from ELF Atochem Deutschland GmbH, with a thrckness of 26 ^im, was 

10 obtained by coextrusion as is described in some detail in example 1. The releasable protective film exhibited a 

matte surface of the PPC d750/LD 0304 polymer layer and a smooth self-adhering surface of the Evatane. 

b) A two-layer releasable protective film comprising a first layer of low density polyethylene LD 0304 with a thickness 
of 50 [im and a second layer of EVA copolymer Evatane 2803 was obtained by coextrusion following the procedure 

IS applied above in a). The releasable protective film exhibited a snrKX>th surface of the LD 0304 layer and a snnooth 

self-adhering surface of the Evatane 2803 layer. 

c) A releasable protective laminate film comprising two polymer layers with one of them exhibiting self-adhering 
properties available under the trade designation "GH-X 173* was obtained from Bischof & Klein, Lengerich, Ger- 

20 many. The film had a thickness of 50 ^m and was smooth on both major surfaces. 

d) A releasable protective film comprising a backing and bearing a low-release pressure-sensitive adhesive layer, 
was obtained from 3M Company as adhesive tape # 2104 C. The backing exhibited a smooth exposed surface. 

2S e) A releasable protective film comprising a backing bearing a low-release pressure-sensitive adhesive, was ob- 

tained from Nitto Deutschland GmbH, Am Sandbach 32, D-40878 Ratingen, Gennany, as adhesive tape 5057 A5. 
The backing exhibited a smooth exposed surface. 

The 180** peel adhesion of each of the releasable protective films from the Pokalon OG46 GL polycarbonate 
film was measured as is described above. The results of the measurements are summarized in table 3. 

30 

Table 3 



180° peel force [cN/2.54 cm] 




Peeling in direction of lamination of releasable 
protective film to polycarbonate film 


Peeling perpendicular to directkDn of lamination of 
releasable protective film to polycarbonate film 


Releasable 
protective 
film 


No. of 
measurements 


Average 
value 


Stand, dev. 


No. of 
measurements 


Average 
value 


Stand, dev. 


a 


10 


9.01 


2.7 


6 


6.6 


0.6 


b 


4 


12.51 


7.6 








c 


4 


8.0 


6.0 


6 


4.9 


0.7 


d 


4 


46.4 


10.4 








e 


4. 


102.9 


16.7 









Claims 

so 

1. Optical storage medium from which information can be read out and/or into which information can be recorded 
with a light beam (6). said optical storage medium comprising one or more base members (1 ) bearing on the side 
of the base members (1) on which the light beam (6) is Incident, one or more Information storage layers (3) and 
at least one light-transmissive cover film (5) characterized in that said cover films (5) are bonded to each other, to 

55 the surface (2) of the base members (1 ) on which the light beam (6) is Incident and/or to one or more information 

storage layers (3) by means of one or more llght-transmissive pressure-sensitive adhesive layers (4). 

2. Optical storage medium according to claim 1, comprising one base member (1) the surface (2) of which bearing 
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a structure of pits on which an information storage layer (3) is formed. 

3. Optical storage medium according to claim 2 comprising one light-transmissive cover film (5) bonded to the Infor- 
mation storage layer (3) on the surface (2) of the base member (1) by means of a light-transmissive pressure- 
sensitive adhesive layer (4). 

4. Optical storage medium according to one of claims 1 - 3 wherein the light-transmissive cover film or films (5) are 
formed by casting of a polymer dissolved in a solvent and/or a polymerizable precursor of a polymer with subse- 
quent drying and/or curing. 

5. Optical storage medium according to claim 4 wherein the polymer dissolved in a solvent is selected from a group 
of polymers consisting of polycarbonate, cellulose triacetate and polydicyclopentadiene. 

6. Optical storage medium according to any of claims 4 or 5 wherein the thickness of the light-transmissive cover 
^5 film or films (5) is from 1 0 \xm to 200 \m. 

7. Optical storage medium according to any of claims 1 - 6 wherein the thickness of the light^ransmissive pressure- 
sensitive adhesive layer or layers (4) is from 10 fom to 100 ^m. 

20 8. Optical storage medium according to any of claims 1-7 wherein the variation of the thickness of each light- 
transmissive cover film (5) and/or the variation of the thickness of the optical recording medium introduced by each 
light-transmissive cover film (5) as measured across an arbitrarily selected cross-section of the optical recording 
medium over its entire extension is not more that about ± 3 pm. 

2S 9. Optical storage medium according to any of claims 1-8 wherein the variation of the thickness of each light- 
transmissive pressure-sensitive adhesive layer (4) and/or the variation of the thickness, of the optical recording 
medium introduced by each light-transmissive pressure-sensitive adhesive layer (4) as measured across an arbi- 
trarily selected cross-section of the optical recording medium over its entire extension is not more than about±3^m. 

30 10. Optical storage medium according to any of claims 1-9 comprising one light-transmissive cover film (5) and one 
light-transmissive pressure-sensitive adhesive layer (4) wherein the sum of the variation of the thickness of the 
light-transmissive cover film (5) or the variation of the thickness of the optical medium Introduced by the (ight- 
transmissive cover film (5), respectively, and the variation of the thickness of the light-transmissive pressure-sen- 
sitive adhesive layer (4) or the variation of the thickness of the optical recording medium introduced by the pressure- 
as sensitive adhesive layer (4), respectively, is not more than ± 5 \\m, whereby such sum is measured across an. 
arbitrarily selected cross-section of the optica! recording medium over its entire extension. 

11. Method of preparing an optrcal recording medium according to any of claims 1-10 comprising 

40 (1) providing at least one base member (1) having a surface (2) on which the light beam (6) is incident, said 

surface optionally comprising a structure of pits bearing an infomiation storage layer (3), 

(2) laminating the laminate of at least one light-transmissive cover film (5) the inner surface of which optionally 
comprising a structure of pits bearing an information storage layer (3), and a releasable protective film (7) with 
a laminate comprising at least one pressure-sensitive adhesive layer (4) and a release liner (8) in the order 

45 given, between two rollers, 

(3) removing said release liner (8) to provide a bondable laminate (12). and 

(4) laminating the laminate (1 2) to the surface (2) of the information storage layer (3) on the surface (2) of the 
base member (1). 

so 
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